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Human rhinovirus (RV) isolates from the RV-C species are recently discovered infectious agents that are closely linked to 
asthma and wheezing etiologies in infants. Clinical study samples collected at the University of Wisconsin-Madison describe 41 
nearly complete genome sequences representing 21 RV-C genotypes. 
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J uman rhinovirus (RV) isolates comprise the RV-A, RV-B, 
i and RV-C species of the Enterovirus genus in the Picornaviri- 
dae family. A classic panel of 99 RV-A and RV-B species are the 
canonical agents of the common cold. A full set of RNA genome 
sequences for these historic types was completed in 2009 (1). Al- 
though serotyping played an early role in RV taxonomy, current 
classification is based on sequence conservation (2). Strains are 
assigned to common species if they share >70% amino acid iden- 
tity in the PI, 2C, and 3CD regions. Isolates are further subdivided 
into numeric genotypes that respect the historic naming system, 
but now rely almost entirely on sequence comparisons of the VP1 
or VP4/VP2 coding sequences. The preferred RV nomenclature 
designates the species letter (A, B, or C) and type number (e.g., 
A16). Strain designations are unique to each GenBank accession 
number. Assignment of a new strain to a known genotype requires 
>86 to 87% aligned nucleic acid identity in either or both of the 
key capsid-coding regions (2). 

The RV-C species were first discovered in 2006 as part of broad 
spectrum clinical surveillance studies (3-5). While clearly rhino- 
viruses, they are not readily propagated in typical cell culture sys- 
tems (6) so much of their biology is inferred from sequence com- 
parisons. Currently, 51 genotypes (as binned by VP1 nucleotide 
identity) have been described (2). These isolates are important 
because they are associated with up to half of RV infections in 
young children (6). Within the context of virus surveillance, the 
University of Wisconsin hospitals and clinics in Madison, WI, are 
participating in several studies with the goal of determining how 
RV sequence variation is linked to cold symptoms and asthma 
exacerbations. The Childhood Origins of Asthma (COAST), 
Mechanisms and Environmental Determinants of Rhinovirus Ill- 
ness Severity (RhinoGen), and T Regulatory Cells and Childhood 
Asthma (T-Reg) protocols collect and screen infant nasal secre- 
tions using multiplex PCR assays (7), rhinovirus PCR (8), or both. 
Between 1999 and 2010, hundreds of solitary RV infections 
were identified. Partial sequencing assigned these isolates to 



relevant species, but for some, particularly the RV-C species, 
the data suggested several potential new genotypes, or provided 
confirmation for similar reclassification proposals (9). 

Multiple COAST and RhinoGen isolates were then reexam- 
ined using massively parallel sequencing techniques applied 
directly to clinical samples (10). The single-pass methodology 
gave, on average, 93% genome coverage to a depth of 8 to 10 
reads for 179 study-specific isolates. For the RV-C species, the 
technique resolved nearly full genomes for 41 isolates, repre- 
senting 21 different genotypes (9). Relative to prototype RV-C 
genomes, which average -7,097 bases (b) (1), most of these 
assemblies were missing the difficult-to-sequence 5' and/or 3' 
termini (average, A 465 b) and occasionally, short internal 
fragments (<100b) for which the contigs were not be explicitly 
linked. Nevertheless, every new sequence (average, 6,592 b; 
median, 6,632 b) was unambiguously aligned with an index 
compilation of RV-C prototype sequences (2). For C17, C22, 
C26, C28, C32, C36, C38, C41, C42, C43, C45, and C49, the 
new data include the first non-capsid descriptions of these ge- 
notypes. 

Nucleotide sequence accession numbers. Each contiguous 
data set has been deposited at DDBJ/EMBL/GenBank using the 
accession numbers listed below. Each unit described here is 
the first genome version of the sequence of that isolate: C02, 
JN815248, JN837695, JN990703, JQ245968, and JX025557; C03, 
JN798567, and IN990700; C04, JF781509; C06, JN8 15245, and 
JN990702; C07, JN798559, JN798570, JN837689, JQ994495, and 
JX025556; C08, JQ245964, and JQ245973; C15, JN837688; C17, 
JN815240, JN815244, and JQ837720; C22, JN621242; C25, 
JN837685; C26, JX193796; C28, JN798569; C32, JN798581, and 
JQ994498; C36, JN541267; C38, JN837691; C40, JF781505, 
JN815251, and JQ245963; C41, FN798565; C42, JQ994500; C43, 
JN8 15249, IN837687, and JX074056; C45, JN837686; C49, 
JF907574, JN798566, and JN798568. 



March/April 2014 Volume 2 Issue 2 e00203-14 



Genome Announcements 



genomea.asm.org 1 



Liggett et al. 



ACKNOWLEDGMENTS 

This work was supported by National Institutes of Health Public 
Health Service grants: P01-HL70831 (COAST), U19-AI070503 
(RhinoGen), R01-HL080072 (T-Reg), U19-AI104317 (to A.C.P.) and 
HL091490 (to S.B.L.). This project was also funded in part by the 
National Institute of Allergy and Infectious Diseases, National Insti- 
tutes of Health, Department of Health and Human Services, under 
contract HHSN272200900009C. 

REFERENCES 

1. Palmenberg AC, Spiro D, Kuzmickas R, Wang S, Djikeng A, Rathe JA, 
Fraser-Liggett CM, Liggett SB. 2009. Sequencing and analyses of all 
known human rhinovirus genomes reveal structure and evolution. Sci- 
ence 324:55-59. http://dx.doi.org/10.1126/science.1165557. 

2. Mclntyre CL, Knowles NJ, Simmonds P. 2013. Proposals for the classi- 
fication of human rhinovirus species A, B and C into genotypically as- 
signed types. J. Gen. Virol. 94:1791-1806. http://dx.doi.Org/10.1099/vir.0 
.053686-0. 

3. Lau SKP, Yip CCY, Tsoi H-W, Lee RA, So L-Y, Ly Y-L, Chan K-H, Woo 
PCY, Yuen K-Y. 2007. Clinical features and complete genome character- 
ization of distinct human rhinovirus genetic cluster, probably represent- 
ing a previously undetected HRV species, HRV-C, associated with acute 
respiratory illness in children. I. Clin. Microbiol. 45:3655-3664. http://dx 
.doi.org/10.1128/ICM.01254-07. 

4. Arden KE, McErlean P, Nissen MD, Sloots TP, Mackay IM. 2006. 
Frequent detection of human rhinoviruses, paramyxoviruses, coronavi- 
ruses, and bocavirus during acute respiratory tract infections. J. Med. Vi- 
rol. 78:1232-1240. http://dx.doi.org/10.1002/jmv.20689. 



5. Lamson D, Renwick N, Kapoor V, Liu Z, Palacios G, Ju J, Dean A, 
St. George K, Briese T, Lipkin WI. 2006. MassTag polymerase-chain- 
reaction detection of respiratory pathogens, including a new rhinovi- 
rus genotype, that caused influenza-like illness in New York State dur- 
ing 2004-2005. I. Infect. Dis. 194:1398-1402. http://dx.doi.org/10.10 
86/508551. 

6. Bochkov YA, Palmenberg AC, Lee W-M, Rathe JA, Amineva SP, Sun X, 
Pasic TR, Jarjour NN, Liggett SB, Gern JE. 2011. Molecular modeling, 
organ culture and reverse genetics for a newly identified human rhino- 
virus C. Nat. Med. 17:627-632. http://dx.doi.org/10.1038/nm.2358. 

7. Lee W-M, Grindle K, Pappas T, Marshall DJ, Moser MJ, Beaty EL, Shult 
PA, Prudent JR, Gern JE. 2007. High-throughput, sensitive, and accurate 
multiplex PCR-microsphere flow cytometry system for large-scale com- 
prehensive detection of respiratory viruses. J. Clin. Microbiol. 45: 
2626-2634. http://dx.doi.org/ 10.1128/JCM.02501-06. 

8. Lee W-M, Kiesner C, Pappas T, Lee I, Grindle K, Jartti T, Jakiela B, 
Lemanske RF, Shult PA, Gern JE. 2007. A diverse group of previously 
unrecognized human rhinoviruses are common causes of respiratory ill- 
nesses in infants. PLoS ONE 2:e966. http://dx.doi.org/10.1371/journal 
.pone.0000966. 

9. Lee W-M, Lemanske RF, Evans MD, Vang F, Pappas T, Gangnon R, 
Jackson DJ, Gern JE. 2012. Human rhinovirus species and season of 
infection determine illness severity. Am. J. Respir. Crit. Care Med. 186: 
886-891. http://dx.doi.org/ 10.11 64/rccm.20 1202-0330OC. 

10. Liggett SB, Bochkov YA, Pappas T, Lemanske RFJ, Gern JE, Senga- 
malay N, Zhao X, Su Q, Fraser CM, Palmenberg AC. 2014. Genome 
sequences of rhinovirus A isolates from Wisconsin pediatric respira- 
tory studies. Genome Announc. 2(2):e00200-14. http://dx.doi.org/10. 
1128/genomeA.00200-14. 



2 genomea.asm.org 



Genome Announcements 



March/April 2014 Volume 2 Issue 2 e00203-14 



